Abstract-Reactive powder concretes (RPC) are characterized by particle diameter not exceeding 600 µm and having very high compressive and tensile strengths. This paper describes a new generation of micro concrete, which has an initial, as well as a final, high physicomechanical performance. To achieve this, we replaced the Portland cement (15% by weight) by materials rich in Silica (Slag and Dune Sand).
I. INTRODUCTION
T is common to think of concrete as being a mixture of paste (Cement + water + additions + additives) and granular skeleton (aggregates+sand), which makes concrete heterogeneous material. The heterogeneity causes problems due to differences in hardness, chemical shrinkage, and thermal expansion of paste versus aggregate, which induces microcracks that weaken the concrete [1] - [11] .
The removal of some aggregate, in the case of the RPC, leads to an improvement of the homogeneity of concrete [1] .
In order to considerably improve the homogeneity, the compactness and even the ductility of the concrete, "Reactive Powder Concretes (RPC)" have been developed, which are considered as micro concretes that are characterized by a diameter of the particles not exceeding 600 μm, a very low water to cement ratio (w/c) and very high compressive and tensile strengths, even higher than that of steel (350MPa) [11] . This paper describes micro concretes RPC containing materials rich in silica (silica fume SF, slag LH and dune sand SD very finely ground) to replace Portland cement by 15% by weight The principal objective is to characterize these RPC using mechanical tests (compression and tensile). The RPC were made at low W/C ratios by using two types of superplasticizers (with different chemical base). Two additives were used in order to control the workability of the RPC as long as was necessary for placing consolidating and completing specimen fabrication.
II. MATERIALS
The materials used in this study are: -Granular skeleton composed of fine sand (Algerian south): S -Algerian cement CEM II/A: C -Mineral additions: A -Silica fume SF -Blast furnace slag LH -Dune sand finely ground SD Chemical addition: two superplasticizers are used SP -Superplasticizer containing Polysulfonates : SP1 -Superplasticizer containing Polycarboxylates : SP2
With the exception of the silica Fume SF, which is of Canadian source, the materials used are of local origins.
The physico-mineralogical, chemical and mechanical properties of materials used in this study are given in tables I to V: In order to highlight the mineralogical nature of these paricles an x-ray diffraction analysis has been used.
Their x-ray diffraction patterns show that [2]-[4]-[13]:
Silica fume SF has an amorphous structure near to that of Cristobalite Blast furnace slag LH has an amorphous structure near to that of Melilite.
Ground dune sand SD has a crystallized structure of Low Quartz type. In order to improve the workability of the RPC two types of superplasticizer (SP1 and SP2) were used. Additions of SF, LH and SD were incorporated at a rate of 15 % by substitution of the cement's weight to improve the compactness of the cementing matrix of the RPC, aiming of high strengths with a low water/cement ratio (W/C) [14] - [15] - [16] . The combinations used are presented in Table VI Taking into account the lubrifiant role played by the silica fume (high fineness and amorphous structure), the W/B was reduced to 0.17 rather than 0.20 [5] - [6] - [7] - [10] - [12] 
IV. TESTS ON RPC IN A FRESH STATE
Results for fresh RPC made with the two varieties of superplasticizers, SP1 and SP2, are listed in Table VII. The LCPC maniabilimeter time of the RPC made with SP2 was found to be less than that of the RPC made with SP1.
The increase in workability allowed a very easy placing of RPC. In terms of workability the results show that:
Independent of the type of cement replacement, the use of the SP2 instead of the SP1, improves significantly the workability of various RPC (SF, LH, SD and T). This improvement is due to the different chemical nature of superplasticizers (SP1 and SP2). Table VII shows that the densities of the RPC made with SP2 are lower in a fresh state compared to those of the RPC made with SP1. This reduction implies
The repulsion of the grains between them and thus the improvement of the workability of the RPC in a fresh state.
Although the SP2 makes RPC more workable, it was not possible to reduce the W/B ratio to values lower than 0.20 for (LH, SD, T) and 0.17 for SF.
Once more, the obtained results confirm the superplasticizer role played by the silica fume; by the finesse of this last one, witch has a lubrifiant effect to reduce the LCPC maniabilimeter time [9] - [12] ]- [17] - [18] . . The comparative study between two superplasticizers shows that:
V. TESTS ON RPC IN A HARDENED STATE

A. Compressive strength
-The SP1 leads. at early ages. To higher strengths than those obtained with the SP2. Furthermore. At later ages (>28d) the order is reversed. It can be concluded that the SP2 is more appropriate for RPC durability improvement. -Fig.2 shows that. Independent of the addition and superplasticizer. The RPC compressive strengths of specimens made with (SF. LH. SD) are definitely higher than those of RPC T. At later ages (≥ 90 d) this difference is more evident with the use of the SP2. -Given the very great pozzolanic reactivity of SF.
highlighted by XRD [2] - [4] analysis. The RPC mechanical strength made with SF are higher than those of the RPC T at already the 3 rd day. -The RPC's increase in compressive strength of dune sand is less significant than that of ground slag, since the latter has an amorphous structure, unlike ground dune sand, which is crystallized. -The application of pressure, thermal cure and the introduction of fibers can improve the RPC's mechanical strengths and performance Table IX and Fig.2 show the RPC tensile strengths as a function of time. From the compressive and tensile strength results. The following observations can be made: Superplasticizers SP1 and SP2 delayed the hardening of RPC. which led to demolding the specimens after 24 hours.
B. Tensile strength
-For all the studied RPC, the compressive and tensile strengths increase with age and the type of superplasticizer (SP1. SP2). The RPC containing SF develop their strengths very quickly at already the 3 day's age. At the of 3 days. The compressive and tensile strengths obtained for all the RPC containing SP2 are definitely lower than those of the RPC containing SP1.
At the 7 days. The RPC compressive and tensile strengths made of SF and SP2 approach those made of SP1.
At later ages. 28 and 90 days. The RPC strengths with and without additions. But using SP2 exceeds the strengths obtained with SP1.
The lower strength of RPC made with superplasticizer SP2 at the very early ages explains its more significant retarding effect on hardening than that caused by superplasticizer SP1.
The pozzolanic reaction of the used cement replacement additives [2] - [4] is once more confirmed. Because the mechanical strengths are even higher than that of the RPC T so the materials rich in silica contribute by their pozzolanic reaction to increase the mechanical strengths.
VI. CONCLUSION
The investigation that has been carried out led us to withdraw the following conclusions:
The mechanical strengths at later ages (90 days), of the RPC containing additions (SF. LH. SD) are higher than those of the RPC T, which means that these incorporated additions have a pozzolanic role resulting in the formation of CSH II of second generation. The kinetics of formation of these CSH II depends on their smoothness, on the cement part replaced, on their silica content and more particularly on their amorphous structure [2] - [4] .
The use of the SP2 allows a significant improvement of the workability which results in a reduction in the time measured using a LCPC maniabilimeter compared to that of the SP1.
The mechanical strengths of the RPC using the SP2 are definitely higher than those containing SP1 at later ages.
The highest RPC mechanical strengths (110 MPa in compression and 8 MPa in tension) are reached when using the SP2 with the following ratios: S/C = 1.1 and W/B = 0.20.
In addition to the appreciable performances (simplicity of implementation, high mechanical strength and high compactness and very good aspect of surface) offered by this new born RPC, its use will allow Algeria to fulfil the requirements of sustainability.
